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Abstract of JP21 44047 

PURPOSE:To oscillate an ultrasonic converter in 
the direction corresponding to a control signal by 
magnetizing a magnetic pole on a movable side 
with N-polarity and S-polarity by a permanent 
magnet and selectively magnetizing a central 
magnet pole on a fixed side and magnetic poles on 
both sides thereof with N-polarity and S-polarity by 
the driving current flowing to a drive coil. 
CONSTITUTION:Magnetic poles 8, 9 on a movable 
side are magnetized with N-polarity and S-polarity 
by permanent magnets 6, 7 through a core 5. When 
a driving current 17 is allowed to flow to a drive coil 
14, an ultrasonic converter 2 is oscillated by an 
angle theta so that one magnetic pole 8 on the 
movable side magnetized with N-polarity is opposed 
to a side part magnetic pole 12 magnetized with S- 
polarity and the other magnetic pole 9 on the 
movable side magnetized with S-polarity is opposed 
to a central magnetic pole 1 1 magnetized with N- 
polarity and, when the driving current 17 is allowed 
to flow to the drive coil 14 in the direction reverse to 
the above mentioned direction, contrarily, the 
ultrasonic converter 2 is oscillated so that the 
magnetic pole 9 on the movable side magnetized 
with S-polarity is opposed to a side part magnetic 
pole 13 and the central magnetic pole 1 1. By this 
method, the ultrasonic converter 12 can be 
subjected to oscillation motion. 
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As shown in FIGs. 1A and IB, shafts 3 on both sides of an ultrasonic 
converter 2 are supported movably to front ends of arms 1 via bearings 4. 
A core 5 made of a magnetic material is attached to a back face of the 
ultrasonic converter 2, and a pair of permanent magnets 6 and 7 are 

20 attached to a back face of the core 5. Each of these permanent magnets 6 
and 7 is set so that S -polarity and N-polarity thereof may face in inverse 
directions to each other. Magnetic materials are respectively attached to 
back faces of the permanent magnets 6 and 7, thereby providing 
movable-side magnetic poles 8 and 9. In the example shown in the figures, 

25 two movable-side magnetic poles 8 and 9 are used; one movable-side 

magnetic pole 8 is magnetized with N-polarity, and the other movable-side 
magnetic pole 9 is magnetized with S-polarity. Back faces of the 
movable-side magnetic poles 8 and 9 protrude, as a totality, in an arc-shape. 
The ultrasonic converter 2, the core 5, the permanent magnets 6 and 7 and 

30 the movable-side magnetic poles 8 and 9 can oscillate together about an axis 
3. A core 10 made of a magnetic material is fixed to the back faces of the 
movable-side magnetic poles 8 and 9 inside a base of the arm 1. A central 
magnetic pole 11 and lateral magnetic poles 12 and 13 on both sides of 
central magnetic pole 11 are provided on the front end side of the core 10. 

35 In the example shown in the figure, one central magnetic pole 11 and two 
lateral magnetic poles 12 and 13 are used. They face the movable-side 



magnetic poles 8 and 9, and are, as a totality, reentrant in an arc-shape. 
Driving coils 14 are provided in a magnetic circuit passing through the 
central magnetic pole 11 and the lateral magnetic poles 12 and 13 so that 
the driving coil 14 may cross the magnetic circuit. And the central 
5 magnetic pole 11 and the lateral magnetic poles 12 and 13 are selectively 
magnetized with N-polarity or S-polarity according to a direction of a 
driving current 14 flowing in the driving coil 14. Signal coils 15, in which 
high-frequency current flows, are also provided in the magnetic circuit 
passing through the central magnetic pole 11 and the lateral magnetic poles 

10 12 and 13 so that the driving coil 14 may cross the magnetic circuit. Sense 
coils 16 are provided in a magnetic circuit passing through the movable-side 
magnetic poles 8 and 9, and can oscillate together with the movable-side 
magnetic poles 8 and 9 and the like. 

The operation of the oscillation apparatus of the ultrasonic converter 

15 according to the above-mentioned configuration will be described as follows. 
The movable-side magnetic poles 8 and 9 are respectively magnetized 
with N polarity and S-polarity by the permanent magnets 6 and 7 via the 
core 5. When driving current 17 flows in the driving coil 14 in the direction 
shown in FIG. 2, the central magnetic pole 11 is magnetized with N-polarity, 

20 the lateral magnetic poles 12 and 13 on the both sides of the central 

magnetic pole 11 are magnetized with S-polarity, and magnetic flux 18 flows. 
Thereby, due to the magnetic gravitation, the ultrasonic converter 2 and the 
like oscillate by an angle 0 so that the movable-side magnetic pole 8 
magnetized with N-polarity may face the lateral magnetic pole 12 

25 magnetized with S-polarity, and the movable-side magnetic pole 9 
magnetized with S-polarity may face the lateral magnetic pole 11 
magnetized with N-polarity. When the driving current 17 flows in the 
driving coil 14 in a direction reverse to that in FIG. 2, the central magnetic 
pole 11 is magnetized with S-polarity, and the lateral magnetic poles 12 and 

30 13 on the both sides of the central magnetic pole 11 are magnetized with 
N-polarity. Therefore, inversely to the above-mentioned case, the 
ultrasonic converter 2 and the like oscillate so that the movable-side 
magnetic pole 9 magnetized with S-polarity may face the lateral magnetic 
pole 13 magnetized with N-polarity, and the movable-side magnetic pole 8 

35 magnetized with N-polarity may face the lateral magnetic pole 11 

magnetized with S-polarity. That is, by letting the driving current flow in 




the forward and reverse directions alternately, the ultrasonic converter 2 
can be oscillated. Moreover, in the state where the ultrasonic converter 2 
and the like are oscillated at the angle 0 as shown in FIG. 3, by letting the 
high-frequency signal current (l kHz or higher) flow in the signal coil 15, 
5 high-frequency magnetization is induced to the central magnetic pole 11 and 
the lateral magnetic poles 12 and 13 on the both sides of the central 
magnetic pole 11, and the high-frequency magnetic flux 19 flows through 
the central magnetic pole 11, the movable-side magnetic poles 9 and 8 and 
the lateral magnetic pole 12 so as to circulate through them. It is usually 

10 difficult for high-frequency magnetic flux to penetrate the permanent 
magnets 6 and 7, therefore, as mentioned above, the high-frequency 
magnetic flux 19 flows between the two movable-side magnetic poles 8 and 9, 
crosses the sense coil 16, and induces high-frequency voltage to the sense 
coil 16, which becomes a position signal. When the oscillation angle 0 of 

15 the ultrasonic converter 2 is small, since an amount of the high-frequency 
magnetic flux 19 crossing the sense coil 16 decreases, the position signal is 
obtained at an intensity according to the oscillation angle 0. On the other 
hand, when the oscillation angle is -0, which is in the reverse direction, 
since a crossing direction is reversed, a phase of the position signal with 

20 respect to the signal current is reversed. Therefore, the oscillation angle 0 
is determined by the intensity and the phase of the position signal, and thus 
it is possible to detect an oscillation position of the ultrasonic converter 2 by 
detecting the position signal. 
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